Introduction
Cardiac remodeling (CR) refers to an alteration in gene expression in response to an aggression, resulting in molecular changes, cellular changes and myocardial interstitial alterations, expressed in variations of the heart size, shape and function 1 . This is also a mechanism in adaptation to hemodynamic overload, allowing the heart to keep its functions in view of load increase [2] [3] [4] . This is deemed as a risk factor for development of ventricular dysfunction and heart failure (HF) 5 . Several experimental models have been proposed for the study of CR due to pressure overload, such as supravalvar aortic stenosis (SVAS) in rats [6] [7] [8] . When young animals are subject to aortic constriction, pressure overload is low at the beginning, being increased proportionally with their growth. SVAS advantages are: gradual development of CR, associated in short term to the improvement of systolic function; absence of severe lesions in myocardial anatomy; and low maintenance cost 9 . Around the 20 th week of SVAS, deterioration of systolic performance and HF [10] [11] [12] [13] begin. This model is partially similar to SVAS in men 11 . Experiments in our lab with rats with SVAS assessed morphological and functional cardiac aspects, by means of echocardiogram (ECHO), in different periods of CR, finding out supranormal systolic function in 6 th or 8 th week 4, 9, 12 , diastolic dysfunction as of the 12nd week 9 and deterioration of systolic performance in the 21 st week. This last group of animals also had signs of heart failure 9 . Some authors, using hemodynamic evaluation, verified increase in left ventricular end-diastolic pressure after the 6 th week -in contrast, evaluation of diastolic function by means of ECHO has been found inaltered 13 . Litwin et al 8 assessed rats with SVAS by means of ECHO during 6 th , 12 th and 18 th weeks, and observed diastolic dysfunction as of the 6 th week and deterioration of systolic performance in the 18 th week.
Analysis of mentioned studies has shows controversial results and absence of evaluation in an earlier post-induction of SVAS. The study aimed at characterizing, early and evolutively, morphological and functional modifications during CR in rats with SVAS targeting on identifying the most sensitive index for detecting the moment when left ventricular diastolic and systolic dysfunction first appeared. .
Method
By the end of the experiment, HF signs were sought, and the presence of tachypnea was considered an exclusion criterion when associated to one of the following signs: oedema, ascites, pleuro-pericardial effusion, thrombus in left atrium (LA) and right ventricular (RV) hypertrophy 14 .
By the end of the 18 th week, animals were anesthetized with sodium pentobarbital, (50 mg/kg), intraperitoneal, and beheaded. Then, a cardiac morphological analysis was performed.
Induction of supravalvar aortic stenosis
The SVAS was inducted according to method used in our lab 4, 12 . Animals, weighing from 70 to 90 g, after anesthetized with ketamine chloride (60 mg/kg) and xylazine chloride (10 mg/kg), intraperitoneal, were subject to median thoracotomy. The ascending aorta was dissected and a silver clip, with 0.6 mm of internal diameter, was placed approximately 3 mm apart from the aortic root. The CG's animals were subject to the same surgery, albeit with no implantation of clip.
Echocardiographic Assessment
Heart's function and structure were analyzed by means of ECHO according to methodology used in our lab 4, 9, 10, 14 . Animals were anesthetized with ketamine chloride (50 mg/kg) and xylazine chloride (1 mg/kg), intraperitoneal. A M-mode echocardiograph (Philips  , HDI 5000 model) was used, equipped with a 12 MHz electronic transducer. The following LV morphological parameters were assessed: left ventricular diastolic diameter (LVDD) and left ventricular systolic diameter (LVSD), posterior wall diastolic thickness and posterior wall systolic thickness (PWDT and PWST); interventricular septum diastolic thickness and interventricular septum systolic thickness (IVSDT and IVSST); and left ventricular mass (LV MASS). The LV mass index (LVMI) was determined by normalizing LV mass in view of the body weight (BW). The LV relative wall thickness (LVRWT) was obtained using the formula (2x PWDT)/LVDD.
The LV systolic function was determined by the percent of endocardial shortening (∆D endo) and the midwall fractional shortening (∆D mid), and the speed of shortening of the LV posterior wall (LVPW), cardiac output (CO) and cardiac index (CI). The ∆D mid was calculated using the formula ({[(LVDD + ½ PWDT + ½ IVSDT) -(LVSD + ½ PWST + ½ IVSST)]/(LVDD + ½ PWDT + ½ IVSDT )}); the LVPW was determined by the maximum tangent of the posterior wall systolic movement; the CO using the formula [(LVDD ³ -LVSD³) x heart rate; and the CI by means of the ratio between the CO and the BW .
The diastolic function was assessed by E-waves and A, ratio between E-waves and A-wave (E/A), E-wave deceleration times (WDT) and the LV isovolumetric relaxation time (LV-IVRT) 15, 16 .
Morphological analysis
Morphological variables to characterize animals were: final body weights (FBW) of LV, RV, atria (AT's) and the ratios LV/FBW, RV/FBW and AT's/FBW.
Statistical analysis
Morphological parameters were analyzed using the Student's t-test, when the variable has shown adherence to the normal probability distribution, and using the MannWhitney test, when this characteristic was absent. For group comparisons in evolutive process, the analysis of variance (ANOVA) method of recurrent measures in two independent groups, supplemented by Bonferroni multiple comparison procedure. For the A-wave variable, the statistical procedure considered the non-parametric technique. In their turn, other variables were analyzed using the parametric technique 17 . For all tests, 5% (p<0.05) was the significance level fixed. Graphs show average results and standard error. Statistical calculations where made using statistical analysis software SigmaStat 3. 
Results
By the end of the experiment, out of 24 SVASG's rats, 10 died (41.6%) and 2 developed HF (14.28%), and were excluded from the study. There were 2 deaths in the CG (15.4%). Thus, studied groups consisted of 11 animals in the CG and 12 in the SVASG. Mortality found is similar to rates found by other authors, who found rates ranging from 30 to 49% 5, 7, 12, 13 .
General characteristics
Initial weight of rats did not change: 82±5 g for the CG and 85±5 g for the SVASG. Body weight evolutive analysis has shown that the CG has had higher rate than the SVASG only in the 12 th week, with a tendency to being superior in the 18 th week (p=0.07). General characteristics of animals by the end of the experiment are shown in Table 1 . The LV's and AT's weights and the ratios LV/FBW, RV/FBW and AT's/FBW have increased in SVASG.
Echocardiographic assessment of the heart's structural parameters Table 2 shows the heart's sequential structural assessment by ECHO. The LVMI has decreased in the CG's animals in 12 th and 18 th weeks, compared to the 3 rd week, and has not changed in the SVASG. The highest index has been found in the SVASG vis-à-vis the CG as of the 6 th week, although, already in the 3 rd week, there were tendency to be increased in the SVASG (p=0.058). The PWDT and IVSDT did not present changes in the CG over the experiment's period; they changed in moments 12 and 18 in relation to moments 3 and 6 in the SVASG's animals. These parameters were higher in the SVASG versus the CG at all times. The LVRWT did not change in the CG. The 18 th week was different from the 6 th week in the SVASG. This variable was higher in the SVASG compared to the CG in all weeks. There was no change of LA in the CG, although there was tendency to be higher in the 12 th (p=0.075) and 18th (p=0.063) weeks versus the 3 rd week. In the SVASG, the LA was higher as of week 6, and there was no posterior change. The LA presented higher values in the SVASG than in the CG as of the 6 th week. week. This variable was smaller in the SVASG versus the CG over the 18 th week. There was no variation in the LA/AO ratio between the different moments in both groups. Although the SVASG had presented increase of the LA/AO ratio vis-à-vis the CG, there was tendency of the SVASG's values to the higher than the GC's ones (0.07>p<0.13) only in the 18 th week. AO's absolute and relative data have shown that this chamber underwent significant remodeling as of the 6 th week.
Echocardiographic assessment of the left ventricle systolic and diastolic functions Tables 3 and 4 describe, respectively, the CF and the parameters for the LV systolic and diastolic function assessment. Differences in the CF between groups and moments have not been found. There was no difference in ∆D endo and ∆D mid in view of the time in the CG. In the SVASG, the ∆D endo of the 12 th week was smaller than the 3 rd week's one and higher than the 18 th week's one, smaller that the 3 rd and 6 th weeks. The ∆D mid in the SVASG was smaller in the 18 th week versus 3 rd and 6 th . The ∆D endo and ∆D mid were higher in the SVASG than in the CG at all times, except for the 18 th week, in which the ∆D mid was equal in both groups (Table 3 ). In Figures 1 and 2 , it may be seen that, while the ∆D endo and ∆D mid did not change in the CG, there was drop in these two indexes in the SVASG during the process evolution, becoming significant after the 12 th week in the ∆D endo, and in the ∆D mid during the 18 th week.
The LVPW, when assessed between groups, has been found significantly higher in the 18th week versus 3 rd and 6 th weeks in the CG, and unaltered in the SVASG. There was reduction of LVPW in the SVASG compared to the CG during the 18 th week. CO increased in the 12th and 18th weeks versus the 3 rd one in the CG, with tendency to be higher in the 6 th week versus the 3 rd one (p=0.083). In the SVASG, the 6th, 12th and 18th weeks were higher than the 3rd week. There was difference of CO between the groups only in the 18 th week, and this was smaller in the SVASG. (Table 3 ).
In the CG and SVASG (Table 4 ), E-wave and A-wave have not presented alterations in different periods of the assessment. While the E-wave was equal in group comparison, the A-wave was higher in the SVASG than in the CG at all periods. The E/A ration presented decrease in the CG during the 18 th week versus the 3 rd one, with tendency to be smaller in the 18 th week versus the 6 th (p=0.067) and the 12 th (p=0.095) weeks. In the SVASG, difference between moments was not found, with tendency to difference between the 3 rd and 18 th weeks (p=0.10). The E/A ratio has shown to be higher in the CG in different moments assessed (Table 4 and Figure 3 ). The LV-IVRT was similar in the CG at all times. The SVASG was higher 
Discussion
Cardiac morphology and function were assessed in this study during the remodeling process in rats subject to SVAS. Remodeling occurs as a response to this aggression and may cause ventricular dysfunction. The main criterion for diagnosis of this functional alteration in experimental studies have been the LV end diastolic pressure, assessed using hemodynamic method 18 . However, determining this pressure requires an invasive process, a fact that jeopardizes long-term studies. Besides this, the LV's characterization may bring damages to aortic valve or affect the cardiac performance 19 .
The ECHO represents an alternative for the ventricular function study and may provide important information on the rodent's cardiac performance 19 . It allows to assess the cardiac morphology and function 8, [19] [20] [21] , the evolution of the ventricular dysfunction caused by different types of aggression 22 and the effects of different interventions 13, 23 . It is a versatile, safe, painless, non-invasive method, which is also important to in vivo serial analysis 24 .
Echocardiographic results in this study show significant structural alterations of the LV during the remodeling evolution process 25 . The LVMI decreased in the CG as of the 12 th week due to the increase of the rats' body weight. The LVMI kept stable in the SVASG. Insomuch as this parameter is not directly proportional to the body weight, the normalized values increase or decrease if there is weight loss or gain, respectively. Several parameters which indicate hypertrophy, such as PWDT, IVSDT and LVRWT, have altered as of the 3 rd week. The LVMI changed after the 6th week. The LVRWT analysis indicated that the SVAS caused an early concentric hypertrophy of the LV, kept until the end of the experiment. The left ventricular remodeling using ECHO was ascertained by cardiac structural assessment after rats were sacrificed (Table 1 ). 
Figure 3 -Behavior of the E/A ratio during the assessment period. CG -control group (n=10); SVASG -aortic stenosis group (n=11

Weeks
In addition to the left ventricle hypertrophy, results show that the SVASG's rats, in the event of being sacrificed, presented a hypertrophy of the right ventricle, assessed by means of ratio RV/BW. In spite of the heart failure diagnosis has been made by associating two clinical/morphological signs in this experiment, as described previously, the single ascertainment of increase in this ration does not mean the SVASG's rats suffered from heart failure. However, atrium weight increase and the increase of this weight with the body weight have shown that the rats presented left ventricular dysfunction when they were being sacrificed.
The LV structural data, determined by ECHO or postsacrifice, are similar to data of a number of studies which detected ventricular hypertrophy in different stages of CR post-induction of SVAS 4, 6, 8, 11, 12 . Values observed in the LVSD different from those of the area's bibliography, which has not found alteration of this variable in the SVASG after the 6 th week of SVAS induction 4, 19 .
Development of left ventricular hypertrophy was an adaptative response to the intraventricular pressure elevation with the SVAS, as the increase of the wall thickness and the reduction of the cavity's size may normalize the parietal stress and, consequently, the ventricular function. The concentric hypertrophy is a result of the increase of the myocytes' diameter with little or no change in the cellular size 26 . Concomitantly, there are changes in the proportions of myocardial interstitial components, including accumulation of collagen in ventricular musculature 27, 28 . Stimulus to CR happens due to mechanical and biochemical factors that act on receptors, ion channels and integrins present in sarcolemal membrane which, by activating biochemical citosolic signalizers, trigger increase of protein synthesis and alterations in gene expression 2, 12 .
The analysis of LV systolic function showed improvement of ∆D endo and ∆D mid in the SVASG versus the CG, which underwent deterioration during remodeling process. Significant drop of ∆D endo in the SVASG took place as of the 12 th week. In its turn, decrease of ∆D mid was significant in the 18 th week (Figures 1 and 2 ). In spite of these indexes decrease along the time, they kept higher in the SVASG, except for the 18 th week, in which ∆D mid was equal for both groups. Although CO has been increased in these two groups between 3 rd and 18 th weeks, the elevation was smaller in the SVASG than in the CG only in the 18 th week.
Another parameter which helps to analyze the heart's ejection fraction, taking into account the body weight for that purpose, obtaining CI scenario similar in both groups. Analysis of different indexes show that the most sensitive for detecting systolic dysfunction was the ∆D endo, which detected a significant drop during the 12 th week. Other indicators were able to detect it only later on, during the 18 th week.
Studies assessing the LV systolic function sequentially, over the same periods of this experiment, ( .
Improvement of systolic function in the SVASG versus the CG must be linked to the development of concentric hypertrophy, normalization of systolic tension and maintenance of physiological limits of oxygen consumption of myocardial fibers 2, 16, 19, 29 . Progressive loss of systolic function may be connected with: 1) adverse geometrical remodeling of the cavity 30, 31 ; 2) alterations in the composition of the heart muscle, with increase of the extracellular matrix and decrease in the number of myocytes, due to necrosis or apoptosis 16, 31 ; 3) compromising of the capacity to contract 32 or 4) the combination of these factors 2, 19, 28 . Assessment of the diastolic performance showed the occurrence of early dysfunction in the SVASG compared to the CG. As of the 3rd week post-induction of the SVAS, there was increase of A-wave, reduction of E/A ratio and of E-wave deceleration time in the group with pressure overload (Table  4 and Figure 3 ). This piece of data shows that the drop in diastolic function precedes the drop in systolic function, which took place in the 12 th week.
Experiments observing the diastolic function in the same periods of this research were not found. Litwin th week in animals with SVAS. Comparative analysis between reference studies and this experiment shows that, although diastolic dysfunction was a consistent and early factor for both, the behavior of the E/A ratio was different. While the E/A ratio decreased in this research, other authors found increase of this variable. Perhaps, this difference in results may be attributable to technical difficulties while obtaining good images for analysis of the Doppler effect and to the high heart rate of these animals, which tend to mix E and A waves, rendering diastolic function measurement difficult 33, 34 .
In spite of the differences in the E/A ratio compared to the reference studies, the LA diameter alone has shown increase as of the 6 th week and, when normalized by body weight, has been found higher than the CG's LA diameter since the 3 rd week; the LA/AO ratio indicated tendency to be higher in the SVASG as of the 3 rd week (0.07<p>0.13). Thus, remodeling of the LA during the 3 rd or 6 th week is a result of the LV's diastolic dysfunction, as the systolic performance has shown improvement in the SVASG compared to the CG in these two moments. These data is in accordance with the authors' findings 4,11 which ascertained increase in this variable.
The worsening of the diastolic function found in this study may be connected with alteration of elastic properties and disturbances in intracellular calcium handling. Experimental studies have associated the increase of the myocardial rigidity in the SVAS with the increase of collagen fiber deposition 29, 35 . Alterations in proteins linked to intracellular calcium recovery, mainly the sarcoplasmic reticulum calcium pump, have also been related to the drop in diastolic performance in presence of SVAS 29 .
The study of the LV's diastolic function is rather relevant as the alterations in filling of this cavity may precede systolic dysfunction 36 . Currently, the most viable and feasible way to assess diastolic function is by analyzing transmitral flow speed during the initial stage of left ventricle's diastolic filling, represented by E-wave, and of the ventricular filling during atrial contraction, expressed by A-wave. Values related to the E/A ration, the E-wave deceleration time and to the isovolumetric relaxation time (LV-IVRT) 25 may be found in a similar way. Upon observation of smaller E-wave and E/A ratio values, compared to the control group, there is suggestion of presence of diastolic dysfunction 37 . Another way to determine the severity of diastolic dysfunction is by assessing the left atrium by means of echocardiograph 38 . During ventricular diastole, the LA is directly exposed to intraventricular pressures through open mitral valve. Occasional rise in ventricular filling pressures may cause increase in volume and in atrial pressure 38 and consequent atrial remodeling.
Conclusion
After data found is examined, this study concludes that: 1) the left ventricle of rats with the SVAS, during remodeling process, presents concentric hypertrophy, early diastolic dysfunction and improvement of systolic function, with posterior performance deterioration; 2) the most sensitive echocardiographic indexes for detecting systolic and diastolic dysfunction are, respectively, the E/A ratio and the percent of endocardial shortening.
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